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STEP-NRF — Network-model Results Format

Abstract

This document is a STEP based application protocol for the electronic exchange of bulk results data
associated with network models. A network model in this context is a generic representation of an
engineering object (or a collection of related engineering objects) by a collection of discrete network
nodes and relationships between these nodes. The bulk results are characteristic, predicted, assigned or
observed properties for components of the engineering object(s), which are sampled during an analysis,
test or operation run.

The protocol may aso be called NRF-APR, for short.

STEP (STandard for the Exchange of Product model data) is the casual name for the 1SO 10303
standard. The NRF-AP is a so-called External Application Protocol, which means it is not an official
ISO work item. Its development is initiated and funded by the European Space Agency (ESA) in
co-operation with the French Space Agency (CNES).

ISO 10303 / STEP is a series of International Standards for the computer-interpretable representation
and exchange of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of a product, independent from any particular system. The nature
of this description makesit suitable not only for neutral file exchange, but also abasis for implementing
and sharing product databases and archiving. The development of the SO 10303 standard is a
world-wide undertaking covering al engineering disciplines and all industrial branches. It started in
1984 and is the most comprehensive effort in itskind.

Current status and ongoing activities

The current Release 1.4 is the fifth release for Version 1 of the Network-model Results Format
Application Protocol.

This release is the first complete Application Protocol including an implementable Application
Interpreted Model (AIM) that covers all aspects of bulk results exchange for network models. This
release forms the basis upon which the first version of the NRF read/write library will be developed.
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Document Status Sheet

Document Status Sheet for NRF-002-AP

version, release, date

reason for change

v1, r1.0, 24-Jun-96

First release.
Created using the [STEP-TAS-AP] as atemplate.

vi,rl.1, 19-Jul-96

Changed name from Network Model Bulk Results (NMBR) to Network-model Results

Format . Acronym remained NRF.

Added the product_structure UoF.

Added the parameterised_functions UoF.

Indate_and_time UoF:

* Declared the [STEP-41] objects ordinal_date, day of week and week of year out of
scope.

In generic_network_model_representation:

Changed networ k_model_component EXPRESS code.

Changed definition of generic_network_model.

Added class attribute to networ k_node and network_node_relationship
Added examplesto network_node.

Specified purpose of network_node_usage.

Added network_node_relationship_usage.

In the bulk_results UoF:

* Added node_classes and nrelationship_classes attributesto run_context.
* Integrated descriptive_domain_list into descriptive value list, removed
enumerated_list .

Removed model_component_class.

Extended description of property_class.

Changed qualified_property_classinto property_class with_role.
Added property_class roletype.

Redesign of tensor properties, replacing properties with tensor nature by tensors of
properties.

Corrected minor text errors.

vl, rl.2, 14-Aug-96

Added sensor_represensentation UoF.

Added sensor_oriented _results UoF.

Indate_and_time UoF :

¢ added [sTEP-41] date_and_time object.

In generic_network_model_representation UoF:

¢ change assertions of generic_network_model object.

¢ change attributes and assertions of submodel _usage object.

¢ add elementsin definition and EXPRESS specification of
network_node relationship.
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Document Status Sheet for NRF-002-AP (Continued)

version, release, date

reason for change

suppress modelling_assumption, product_version_relationship,
product_functional_decomposition_relationship and
modelling_assumption_relationship objects.

In bulk_results UoF:

changed run_context attributes.

changed aspect definition and attributes.

added aspect_char acterization object.
changed generic_property_class definition.
changed descriptive_property_class definition.
changed aspect_scan attribute.

In sensor_representation UoF :

added physical_sensor.
added virtual _sensor.
added calibration_law.
added sensor_limit.

Insensor_oriented_results UoF :

added comparison_values.
added tabulated_values.
added column.

vl, rl.3, 23-Aug-96

Significant restructuring of Clause 4, in line with the working session between Fokker
Space and GOSET held 14-Aug-1996. Major modifications are:

Application objects have been listed alphabetically.

Moved discussion of NRF Results Space from Clause 4 to Clause 1.2 “ Fundamental
concepts and assumptions”.

Removed ExPRESS specifications from Clause 4 descriptive specifications.

Corrected “ordinate” to “abscissa’.

Added ato_campaign, ato_case and ato_phase objects.

Added security features

Removed sensor_oriented_results UoF. The requirements in this UoF are covered by
using the scan_of_derived_values and property class for_functions. These
requirements al so specified something like a tabular export format, which shall be a
regquirement for a postprocessor, not for the protocol.

Moved the requirements of aspect_characterization object to the roles attribute of a
property classand to scan_of derived_values.

Moved requirements for calibration_law to property_class for_functions, which
provides a generic solution.

Complete update of all EXPRESS-G diagramsin Annex G.

vl1, r1.4, 15-Nov-96

First release with mapping table and complete AIM (Clause 5 and Annexes A, B, C).
Clause 4 (ARM) was updated slightly to remove ambiguities and small errors.

scan: add INVERSE attribute of aspect referring to an aspect

aspect: add assertion about the order of scans

ato_phase: add attribute of casereferring to an ato_case

ato_case: define attribute phases as an INV ERSE attribute

ato_case: define unit_assignments as an INVERSE attribute

ato_case: changed attribute abscissa classto refer to aproperty class usage
ato_case: add assertion to enforce abscissa class.property to refer to a
property class scalar_quantitative or aproperty_class scalar_descriptive
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Document Status Sheet for NRF-002-AP (Continued)

version, release, date

reason for change

aspect: remove the attribute of _case

aspect: remove the assertion

list_of_descriptive values: replace the attribute of _case by the attribute
applicable for referring to a set of property_class usage

list_of_descriptive values: add an assertion to enforce thelist_of_descriptive_values
to be applicable for property_class scalar_descriptive

property class scalar_descriptive: define attribute value_container asan DERIVE
attribute referring to a SET[1:7] of list_of descriptive values

list_of functions: replace the attribute of _case by the attribute applicable for referring
to aset of property class usage

list_of functions: add an assertion to enforcethelist_of functionsto be applicablefor
property class scalar_functional

property class scalar_functional: define attribute function_container as an DERIVE
attribute referring to a SET[1:7] of list_of functions

property class tensor: changed the attribute membersinto an INVERSE attribute
referring to a SET[1:7] of scalar_in_tensor

(the reason for change isthat a property_class scalar may be a member of one or more
property_class tensor, may be referred to by several members of a same
property_class tensor, and may have roles depending on each of its usagesin the
property_class tensor)

scalar_in_tensor: add this new object to specify a member of a

property class tensor, its position in the tensor and its meaning at this position
property class tensor: remove attribute tensor_mask (unuseful because of the
addition of scalar_in_tensor)

tensor_mask: remove this entity (the information can be derived with considering the
attribute position of the members of aproperty class tensor)
tensor_mask_member: remove this object

tensor_mask_class: remove this object.

property class scalar: remove attribute roles

property class tensor: remove attribute roles

property class usage: add this entity to characterize the usage of aproperty_classin
an ato_case

aspect: change the attribute for_property classto refer to aproperty class usage
model_component_sequence: define the attribute root_model as a DERIVE attribute
parameterized_function: restrict the attributes parameter_properties and
result_property to the type property class scalar_quantitative

model_represents product_relationship: add network_model in thelist of types
alowed for the attribute model _constituent in order to have a definition consistent with
the assertion network_model_requires product_definition

approvals are assigned: add this assertion for consistency with 1SO 10303-41
(definition of approval) and with 1SO 10303-203

Furthermore, the Space-domain Integrated Resources (SIR) were developed as a separate
document (SIR-001-IR, v1, r1.0). The SIR define generic resources which can be used by
al Application Protocols in the space domain.

Changes with respect to the previous release are indicated by vertical bars in the margin.
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Foreword

This document is a STEP based application protocol for the electronic exchange of bulk results data
associated with network models. A network model in this context is a generic representation of an
engineering object (or a collection of related engineering objects) by a collection of discrete network
nodes and rel ationships between these nodes. The bulk results are characteristic, predicted, assigned or
observed properties for components of the engineering object(s), which are sampled during an analysis,
test or operation run.

The following annexes are normative: A, B, C, D, E.
The following annexes are informative: F, G, H, J, K, L, M.

This Application Protocol follows to a large extent the guidelines and recommendations of
[STEP-AP-Guide] “Guidelines for the Development and Approval of STEP Application Protocols’ and
[STEP-Sup-Dir] “Supplementary directives for the drafting and presentation of 1SO 10303”.

Clauses 3 and 4 were produced using many of the concepts and approaches documented in
[ESABASE-Lib], [SET-ATS], [GFF], [TDH], [TFCC], [ESATAN-UM], [CDF], [netCDF], [HDF], and
in particular [GEM-Core].

Annex M provides the details on all these references.
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I ntroduction

0.1

011

0.1.2

0.1.3

Brief introduction on the STEP standard

STEP is the casua name for the 1SO 10303 standard and stands for Standard for the Exchange of
Product model data.Work on the standard started in 1984 and is still in progress with participants from
all over the world. This introduction is compiled with elements from [STEP-1], [Kuiper-94] and
[Fowler-95].

The objectives of STEP

STEP part 1 says: “1SO 10303 is a series of International Standards for the computer-interpretable
representation and exchange of product data. The objective is to provide a neutral mechanism capable
of describing product data throughout the life cycle of a product, independent from any particular
system. The nature of this description makes it suitable not only for neutral file exchange, but also a
basis for implementing and sharing product databases and archiving.” [STEP-1].

In other words the STEP methodology has been developed to meet industry requirements for standard
data specifications that support:

¢ |ong term storage and retention of product information;

* reduction and elimination of “islands of automation”;

* independence of data from the software tools which create or consume information;

e communication of product information between departments, disciplines, and enterprises.

In addition, the fact that STEP is a standard introduces additional requirements, in that the specification
developed to fulfil these requirements should be stable, extensible, and publicly available.

Principles

The STEP methodology is based on asmall number of fundamental principles:

* STEP defines an architecture for product data, providing stability and extensibility;
e STEP supports and requires traceability of datato industry needs;

* Therole of STEPisthe standardisation of industry application semantics;

¢ STEP defines the requirements for implementation of product data exchange, based on a separation
of data specifications (the logical definition) from implementation forms (the physical realisation);

* STEP defines the requirements for the assessment of conformance of implementations.

The STEP architecture

The architecture of STEP results from the principles stated above. The complete architecture of STEP
is described in the SO 10303 Architecture and Reference Manual, which is currently being prepared
for publication. Below the main elements of the architecture will be highlighted.

Layered approach with functional series of standard documents

The STEP standard takes a layered approach to product data modelling. The different layers are called
series and these contain parts which are related by the function they perform. The series are given in
Table 1.

Each series adds specific aspects to the product data model description. The higher numbered layers
build further on concepts defined in the lower numbered layers. The EXPRESS language is used to
formally define the data models (schemas in STEP parlance) of the parts in layers 4, 5, 6 and 7.
Application protocols are directed for use by a specific user community, engineering discipline or
branch of industry. The standard also includes a formal methodology for conformance testing of
STEP-based products that claim to implement one of the application protocols.

XVi

NRF-002-AP Release 1.4 (15 November 1996)



0.1 Brief introduction on the STEP standard

Table1l- Theseriesof STEP standard documents

layer | seriestitle and part number range | example standard documents
1 | Description Methods SO 10303 Part 11
10 series The EXPRESS Language Reference Manual
2 | Implementation Methods SO 10303 Part21
20 series Clear Text Encoding of the Exchange Structure
SO 10303 Part22
Standard Data Access Interface
3 | Conformance Testing Methodology | 1SO 10303 Part31
and Framework General Concepts
30 series
4 | Integrated Generic Resources SO 10303 Part41
40 series Fundamentals of Product Description and Support
ISO 10303 Part42
Geometric and Topological Representation
5 | Integrated Application Resources SO 10303 Part105
100 series Kinematics
6 | Application Interpreted Constructs | 1SO 10303 Part509
500 series Manifold Surface Shape Representation
7 | Application Protocols SO 10303 AP 203
200 series Configuration Controlled Design
8 | Abstract Test Suites SO 10303 Part 303
300 series Abstract Test Suite — Configuration Controlled Design
(for AP 203)

Key elements of the STEP architecture

Figure 0-1 provides a high level summary of the key elements of the STEP architecture. The arrowsin
Figure 0-1 specify the existence dependence between the elements, i.e. an element at an arrow’s tail is
dependent on an element at its head.

After the figure a short description of each of the key elementsis given.

NRF-002-AP Release 1.4 (15 November 1996) XVii



STEP-NRF — Network-model Results Format

Application Protocols — 200 series
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Note: g e
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Application Protocol) depends on A’s existence

Figure 0-1 - Key elements of the STEP architecture—the grey areas denote therelation between these

elements and the STEP documentation structure

Industry Application Semantics

Figure 0-1 shows that the key element upon which al other elements of the STEP architecture depend
isindustry application semantics. It identifies the processes and data that are essential to an industrial
application domain — in other words the industrial needs and semantics that are particular to data
exchange in some industry application domain. It must be possible to trace back the concepts and
definitions used in the other architectura elements to the needs and semantics in the Industry
Application Semantics.

Application Activity Model

Industry application semantics are defined more formally by reference to an Application Activity
Model (AAM). This model is created with the IDEFO activity modelling technique and supports the
analysis of the activities and information flows within the industry application. The AAM provides a
context model for the application domain and the activities and information flows that are “in scope” or
“out of scope” are explicitly declared. The “in scope” information flows can then be elaborated in
further detailed STEP analysis and specification models — in particular the Application Reference
Model (ARM). It should be noted that the role of the AAM isto capture the activities within an industry
application (“what is done”), not the detailed processes (“how it is done”). The latter are likely to vary
between organisations, or with time as the result of continuous improvement or business process
re-engineering.

Application Reference M odel

The second element of the STEP architecture that results from detailed analysis of the product data
exchange requirements in the industrial application domain, is the Application Reference Model
(ARM). This is a detailed specification of the data objects (entities and attributes) and their
relationships, that completely define the “in scope”’ information flows, which were identified in the
AAM. This specification is prepared through analysis of requirements identified by experts in the

XViii
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industry application — sometimes referred to as “domain experts’. These requirements are therefore
described using the terminology of the application domain. They form the basis for further
development aswell as for review and validation, e.g. by peer experts.

Application I nterpreted Model

The data exchange requirements laid down in the ARM are trandated — by a “STEP expert” — into a
normative STEP data specification in the Application Interpreted Model, as much as possible through
selection and constraint of the common building blocks: the Integrated Resources and the Application
Interpreted Constructs. This re-use of standard data constructs across a wide range of industry
requirements results in a high degree of consistency and integration across models, and enables
potential re-use of the software code used in interfaces and the potential sharing of common data across
application domains. The AIM is defined using the EXPRESS language, which is computer
interpretable and therefore enables file-based exchange according to the STEP Part 21 physical file
format and/or data access using the STEP Part 22 SDAI.

Integrated Resources

The Integrated Resources are specified in context independent models and form standard data
constructs that are used in the creation of an AIM. They are data models that reflect and support the
common requirements of many different product data application areas. Together the Integrated
Resources constitute a single, logical, conceptual product data model. They are, however, not
themselves intended for direct implementation: they define re-usable building blocks that are intended
to be combined and refined to meet specific requirements stated in an ARM. Integrated Resources are
specified in EXPRESS.

Application Interpreted Constructs

The Application Interpreted Constructs are a relatively late addition to the STEP architecture. They
capture the fulfilment of a collection of requirements that are common to two or more ARMs, i.e.
shared by two or more industry application domains. Application Interpreted Constructs are aso
specified in EXPRESS and explicitly identify the potential for shared data or so-called interoperability
between two or more Application Protocols/ industry application domains.

The difference between Integrated Resources and Application Interpreted Constructs can explained as
follows:

¢ |ntegrated Resourceswere devel oped — and are still being devel oped and refined — on the basis of an
a priori conception by product data modelling experts of what common product data modelling
resources would be needed across awide range of application domains. As stated before Integrated
Resources are not intended for direct implementation in an AIM, but often need to be combined and
refined first.

e Application Interpreted Constructs are the common collections of requirements in the ARM and
their corresponding implementation in the AIM that are “discovered” during the development of
various Application Protocols. Application Interpreted Constructs are a ready-for-implementation
kind of “plug-in” modules that can be included in an AIM.

Conformance Classes

An Application Interpreted Model gives the normative specification for data to be exchanged between
computer applications. This provides the scope and boundaries for implementations of product data
exchange that conform to STEP, and also the cope and boundaries for testing implementations. In order
to meet the needs of differing computer systems used within a given industrial application, whilst
maintaining consistency of implementation and testing, two or more Conformance Classes may be
specified for an AIM. A Conformance Class defines a subset of the AIM that may be used as the basis
for implementation and testing. These subsets define the minimum conforming implementation based
on the AIM; implementations based on any other subsets are not considered to be conforming.

Abstract Test Suites

The importance of testing and testability within STEP is reflected by a standardised framework and
methodology for conformance testing. The Abstract Test Suite is the manifestation of the needs of
testing within the STEP architecture. An Abstract Test Suite specifies, in non-specific or parameterised
form, the test cases that will be used in assessing the conformance of an implementation to the data
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specification contained in an AIM and thee other elements of the STEP architecture upon which an
AIM depends. Experience in other domains, such as the OSI standard for Open Systems, has shown
that standardisation of Abstract Test Suitesis an essential prerequisite to repeatability and consistency
of testing, and therefore of mutual recognition of test results across regional or national bodies.

The basis of the STEP product data model

The consistency of data specifications within STEP for a wide range of industry applications —
Application Protocols — is ensured by the reuse of common Integrated Resources. The Integrated
Resources themselves are based in a formalised framework for product data, sometimes referred to as
the Generic Product Data Model. The framework defines the basis of al data specification that are
standardised within STEP.

Elements of data specifications (or “constructs’) are taken to be the representation of facts about
objectsin the real world. The Generic Product Data Model framework is based on a classification of the
types of data that describe products. The classification identifies five major types of data:

¢ Application context — data that defines the purpose for which product information is created, and the
types of product, disciplines, and life-cycle stages for which such information is valid. The use of
an application context allows e.g. data that represents an “as designed” product to be distinguished
from that for an “as built” configuration, etc.

* Product definition — data that identifies products, including variants, categories and/or life-cycle
“views’ of products. Product definition data also includes that which relates to the structure of
products, in terms of assembly structures, configurations, effectivities, bill of material, etc.

* Product property definition — data that characterises products by their properties, independent of the
representation of such properties. For example, it is possible to identify the shape of an object, or
aspects of the shape, as a property of the object, without providing a detailed description of the
shape using a CAD model or an engineering drawing. Examples of product properties are: shape,
surface finish, constituting material.

* Product property representation — data that represents the properties of a product, including
multiple representations of the same property. For example, the shape of an object may be
identified, and then described in many different ways: a 3D CAD model, a physical mock-up, an
engineering drawing, atechnical illustration and a mathematical model are different representations
of the same shape.

* Product property presentation — data that defines the presentation of product information to support
human communication. For example, the shape of an object (which is a product property) is
represented by coordinate values, curves, surfaces, etc.; then this representation is presented by
assigning colours, line fonts and a viewpoint, and displaying the resulting picture on aworkstation.

This classification of product dataisthe basisfor all STEP data specifications. It is the framework upon

which al the Integrated Resources are built, and is reflected in the Application Interpreted Models

(AIMs) of all Application Protocols. The models that capture this framework embody the principle of

existence dependence, which ensures that all product information is related to an identified product and

ultimately to an application context. This classification structure is summarised graphically in

Figure 0-2.

XX
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STEP product data description layer Example data “instances”
Application Context, e.g.: “Network model Results Format”
application_context “Thermal control engineering”
product_context “As designed”
product_definition_context
A
T is valid for
Product Definition, e.g.:
product “Spacecraft propulsion tank”
product_definition “physical design”

product_definition_formation “type X2a”

F N

T is property of

Product Property Definition, e.g.:
product_definition_shape “outer wall”
shape_aspect “top semi-sphere”

T represents

Product Property Representation, e.g.:

shape_representation tank coordinate system
solid_model “outer wall CSG model”
“top semi-sphere B-Rep”
A
T presents
Product Property Presentation, e.g.:
product_data_representation_view drawing
curve_style (on display, as hardcopy, ...)

camera_model

Figure 0-2 - Product data type classification and existence dependencein STEP data models

This principle can lead to models that are at first sight counter-intuitive: rather than stating that a
product has a shape, a shapeis“of” aproduct. However, simple analysis of this example shows that the
existence dependent form of the model requiresthat a shape is aways the shape of a product. Similarly,
at a lower level in the structure, STEP does not allow the existence of “geometry” data just as
collections of points, lines, curves, etc. Through the existence dependent structures in the STEP
models, such a collection of geometry data must be the representation of some property, that is related
to the definition of a product, that has validity in some application context. Thus the basic structure of
the STEP models satisfies and enforces the principle identified above: that al product data should be
traceable to an industrial need.
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Realisation of a STEP solution for product data exchange

One of the main features of the STEP standard is the division between logical and physical
representation of model data.This helps in achieving a clean development process which is best
illustrated by the following diagram.

logical <& B physical

interpretation
with integrated
~» resources

what
context for whatis

activities? exchanged data stores

analysis of the STEP-21 &

= ; ) .

% problem domain normative physical file

= data/object

8 model

= working )

S [ process data develop £ use
fx, (EXPRESS) SDAI applications §

$ (EXPRESS-G)

<

© AAM ARM AIM

Figure 0-3 - lllustration of the development steps needed to reach a working STEP product data exchange

0.1.6

solution and different elements of the STEP standar disation methodology
(adapted from a diagram by P. Kuiper —TNO)

Actual data exchange takes place through the physical implementation in either a [STEP-21] physical
file, a so-called working form or shared database. The physical implementation is derived in a
standardised way from the logical definition in an Application Interpreted Model (AIM) of a certain
Application Protocol and can possibly be accessed through an SDAI [STEP-22] compliant
programming interface, for which a significant part could have been computer-generated from the AIM
EXPRESS schema by a suitable STEP toolkit.

Status of the STEP standard and itsimplementations

The STEP standard is becoming mature and the First Release (Parts 1, 11, 21, 31, 41, 42, 43, 44, 46,
101, 201, 203) has been issued per September 1994 as International Standard (1S). Commercial
development tools are available on the market and most major CAx software vendors are now offering
STEP-based import/export facilities or have announced to support the STEP standard.

XXii
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Clause 1 - Scope

11

1.2
121

Definition of Scope

This application protocol specifies the STEP resources necessary for the electronic exchange of bulk
results data associated with network models. A network model in this context is a generic
representation of an engineering object (or a collection of related engineering objects) by a collection
of discrete network nodes and relationships between these nodes. The bulk results are characteristic,
predicted, assigned or observed properties for components of the engineering object(s), which are
sampled during an analysis, test or operation run.

This application protocol isaimed at batch exchange of bulk results data, after completion of arun. The
design does not include special features for handling of streams of result data during the execution of a
run.

The following are within the scope of this application protocol:

* The representation of an engineering object by a network model of discrete nodes and relationships
between those nodes.

¢ A hierarchical tree structure of network models and submodels.

* The definition and representation of properties of engineering objects. Both quantitative properties
(with numerical value) and descriptive properties (with descriptive content) are supported.

* The representation of values of properties as scalars, vectors and tensors.
* Thedefinition and representation of analysis, test and operation runs which produce bulk results.

* The definition and representation of product structure, in the form of assembly trees, and the
rel ationships between items in the product structure and in the network model representation.

The following are outside the scope of this application protocol:

* Discipline dependent specialisations of network models, such as: therma lumped parameter
models, structural finite element models, computational flow dynamics models.

Fundamental concepts and assumptions

The stages of activity relevant to analyses, tests and operations

When performing analyses, tests or operations on a product of interest, three major stages can be

distinguished:

1) The definition of the mission and the flowdown into a set of established requirements for the
product —i.e. the definition of desired or needed behaviour.

2) The definition of analysis, test or operation cases, which define a scenario, initial and boundary
conditions and a representation model of the product of interest. Such scenarios, conditions and
models mostly consist of idealisations and/or extreme combinations of conditions. These are used
for the following purposes:

- Inanalysis, to predict how the product will operate.
- Inanalysisor test, to verify that the product operates or will operate conform its requirements.
- Inactua operation, to measure how the product is performing while deployed in redlity.

An analysis, test or operation campaign may collect a number of related cases.
A case may be decomposed into a number of analysis, test or operation phases.

3) The execution of analysis, test or operation runs, in which the bulk results data are produced.
A run sequence may collect a sequence of related runs.
In this protocol stages 2) and 3) arein scope, but stage 1) is not in scope.

The table below summarises the three stages and the most important concepts that play a role in each
stage.
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Sage 1 — Definition of mission
and reguirements

Sage 2 — Definition of analyses,
tests and operations

Sage 3 — Execution of analyses,
tests and operations

mission
requirement

product structure

campaign

case

phase

product structure
network model
property class

run sequence

run, scan

property value

scalar, vector, tensor
parameterised function

The NRF results space

The conceptual architecture for storing results is very simple: results are stored as characteristic,
predicted, assigned or observed properties of model componentsin aresults space. In this results space,
aproperty isidentified by coordinatesin only three dimensions:

¢ what isthe property class for which values are stored in the dataset?

¢ whereinthe model —that is: for which model components — does this property apply ?

¢ when —that is: at which scan abscissa along the progression of the run — does a property class for a
particular model component have a particular value?

The results space can be visualised as in the diagram of Figure 1-1.
In the real world a number of factors complicate this simple concept:

* |norder to interpret the results data correctly, an exchange dataset needs to provide an application
and its user with sufficient (meta-)information about the exchange dataset and the properties.

* The results are not restricted to just bare numbers, so it is necessary to include information about
how the results are represented. Even when the values of properties can be expressed as numeric
scalars, it is necessary to include information about what these numbers signify. In the case of
physical quantities one needs to know in which unit the values are expressed. Besides scalars, the
values can also be vectors, tensors or descriptive data, for which representation structures have to be
specified.

A final consideration in the design of this protocol isthat of efficiency, which isvery important for bulk

results data where models have many thousands of components, and a single component’s property

value may be sampled thousands of timesin arun. The straightforward approach of storing a potential
property value for every property class, for every model component, at every possible scan abscissa
would lead to very inefficient storage because:

* Property classes do not necessarily apply to all model components.

* The observation of property values is not necessarily synchronized as the values of properties are
not always obtained at the same scan abscissa. There is a good chance that it is impossible to
determine the full state —which contains all applicable property values for all model components —
at aparticular scan abscissa.

Because of these reasons, valid and/or defined property values may be distributed very sparsely

throughout the results space.

The NRF protocol contains specia features to achieve efficient storage, even for sparsely distributed

data

* the use of aspects prevent storage of data for meaningless combinations of model components,
properties and scans
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1.2 Fundamental concepts and assumptions

use of masks alow indication of the presence of data, preventing the storage of indeterminate

values for undefined data

referencing common data structures (like text strings) prevents data duplication

- -~
%ﬁ%@uﬁ

s1uauodwoo jepow

Schematicillustration of the bulk results space

Figure1-1
and itsthree dimensions. model components,

property classes and scan abscissa
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Clause 2 - Normative References

The following documents, ISO standards or working drafts contain provisions which, through
reference in thistext, constitute provisions of thisApplication Protocol. At the time of development, the
editions indicated between parenthesis were valid.

[STEP-1] SO 10303-1:1994 (1S)
Overview and fundamental principles

[STEP-11] SO 10303-11:1994 (1S)
Description methods. The EXPRESS language reference manual

[STEP-21] SO 10303-21:1994 (1S)
Clear text encoding of the exchange structure
Note: Also known as“STEP Physical File’.

[STEP-31] SO 10303-31:1994 (1S)
Conformance testing methodology and framework

[STEP-41] SO 10303-41:1994 (1S)
Integrated generic resources. Fundamentals of product description and support

[STEP-42] SO 10303-42:1994 (1S)
Integrated generic resources: Geometric and topological representation

[STEP-43] SO 10303-43:1994 (1)
Integrated generic resources. Representation structures

[STEP-44] SO -10303-44:1994 (1S)
Integrated generic resources: Product structure configuration

[STEP-45] ISO/DIS 10303-45 (DIS)
Integrated generic resources; Materials

[STEP-46] SO 10303-46:1994 (1S)
Integrated generic resources. Visual presentation

[STEP-104] ISO 10303-104:1996 (CD)
Integrated application resources: Finite element analysis

Note: the edition (release status) of the documents is given between parentheses, using the following

abbreviations:

WD Working Draft

CD Committee Draft

CDB Committee Draft, in Ballot

CDBE Committee Draft, Ballot Ended
CbhC Committee Draft, for Comment
CDCE Committee Draft, Comments Ended
DIS Draft International Standard

IS International Standard
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Clause 3 - Definitions and Abbreviations

31
3.1.1

312
313

314

315

316

317

318

319

3.1.10

3111

3.1.12
3.1.13

3.1.14

3.1.15
3.1.16

3.1.17
3.1.18

3.1.19

3.1.20
3121

Terms Defined in 1SO 10303-1

abstract test suite — a part of this International Standard that contains the set of abstract test cases
necessary for conformance testing of an implementation of an application protocol.

application —agroup of one or more processes creating or using product data.

application activity model (AAM) —a model that describes an application in terms of its processes
and information flows.

application context — the environment in which the integrated resources are interpreted to support the
use of product data in a specific application.

application interpreted model (AIM) — an information model that uses the integrated resources
necessary to satisfy the information requirements and constraints of an application reference model,
within an application protocol.

application object — an atomic element of an application reference model that defines a unique
concept and contains attributes specifying the data elements of the object.

application protocol — a document complying with [AP-Guide] that specifies an application
interpreted model satisfying the scope and information requirements for a specific application.

application reference model (ARM) — an information model that describes the information
requirements and constraints of a specific application.

application resource — an integrated resource whose contents are related to a group of application
contexts.

assembly — a product that is decomposable into a set of components or other assemblies from the
perspective of a specific application.

component — a product that is not subject to decomposition from the perspective of a specific
application.

conformance class — a subset of an application protocol for which conformance may be claimed.

conformance requirement — a precise, text definition of a characteristic required to be present in a
conforming implementation.

data — a representation of information in a formal manner suitable for communication, interpretation,
or processing by human beings or computers.

data exchange — the storing, accessing, transferring, and archiving of data.

data specification language — a set of rules for defining data and their relationships suitable for
communication, interpretation, or processing by computers.

exchange structure — a computer-interpretable format used for storing, accessing, transferring, and
archiving data.

generic resour ce — an integrated resource whose contents are context-independent.

implementation method — a part of this International Standard that specifies a technique used by
computer systems to exchange product data that is described using the EXPRESS data specification
language [STEP-11].

infor mation — facts, concepts, or instructions.

information model — a formal model of a bounded set of facts, concepts or instructions to meet a
specified requirement.
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3.1.22 integrated resource — a part of this International Standard (i.e. 1SO 10303) that defines a group of
resource constructs used as the basis for product data.

3.1.23 interpretation — the process of adapting a resource contruct from the integrated resources to satisfy a
requirement of an application protocol. This may involve the addition of restrictions on attributes,
the addition of constraints, the addition of relationships among resource constructs and application
constructs, or al of the above.

3.1.24 PI CS proforma — a standardised document in the form of a questionnaire, which, when completed for
aparticular implementation, becomes the protocol implementation conformance statement.

3.1.25 presentation — a recognizable visua representation of product data.

3.1.26 product —athing or substance produced by a natural or artificial process.

3.1.27 product data — a representation of information about a product in a forma manner suitable for
communication, interpretation, or processing by human beings or by computers.

3.1.28 product information — facts, concepts, or instructions about a product.

3.1.29 product information model — an information model which provides an abstract description of facts,
concepts and instructions about a product.

3.1.30 protocol implementation conformance statement (PICS) — a statement of which capabilities and
options are supported within an implementation of a given standard. This statement is produced by
completing a PICS proforma.

3131 resource construct — a collection of EXPRESS language entities, types, functions, rules and
references that together define a valid description of an aspect of product data.

Refer to 1SO 10303 part 11 for the reference manual of the EXPRESS language.

3.1.32 structure—aset of interrelated parts of any complex thing, and the rel ationships between them.

3.1.33 unit of functionality — a collection of application objects and their relationships that defines one of
more concepts within the application context such that removal of any component would render the
concept incomplete or ambiguous.

3.2 Terms Defined in SO 10303-31

321 postprocessor —asoftware unit that trandates product information from an independent public domain
product data format to the internal format of a particular computer system.

322 preprocessor — a software unit that trandates product information from the internal format of a
particular computer system to an independent public domain product data format.

3.3 Terms Defined in 1 SO 10303-45

331 material —the substance or substances of which product is composed or made.

332 material property —a product characteristic which depends upon the material or materials comprising
the product.

333 material designation — an identifier which is assigned by agreement.

34 Terms Defined in thisAP

341 class—anamed category of items which share common characteristics and behaviour.

34.2 exchange dataset— coherent and valid set of instances of entities conforming to the AIM schema
defined in this AP. The dataset is instantiated in the form of a [STEP-21] physical file, a working
form or a shared database. An exchange dataset can be accessed through an SDAI programming
interface, as defined in [STEP-22].

343 model — a representation in software or hardware of one or more properties of a product and possibly
its operational environment for the purpose of design, analysis or verification. By its nature a model
is an idealised representation of the product.
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344
345
346

347

348
349
34.10

3411

34.12

34.13

34.14

3.5

property - aquality or attribute belonging and especially peculiar to an object, common to all members
of aclass.

qualifier - aword or word group that limits or modifies the meaning of another word or word group
[Webster].

root-model — The highest level model in a hierarchical model/submodel tree. The root-model
comprises directly or indirectly all submodels.

run — an elementary analysis, test or operation step with a clearly defined start and end, performed in
the framework of an analysis study, atest or an operation. In arun an analysis model, atest article
or an operating product is analysed, tested or operated for a particular purpose and in a particular
environment, using a particular analysis tool, a test facility or (when applicable) an operational
facility. A run produces analysis, test or operation results.

sensor —ameans or device for observation of a property.
state - mode or condition of being [Webster].

submodel —a next lower level model in a hierarchical model/submodel tree. A submodel may contain
other (yet lower level) submodels. The model/submodel tree forms an acyclic graph.

submode occurrence — areference to amodel at alevel lower than root-model level in a hierarchical
model/submodel tree. The submodel occurrence has some attributes in addition to the model it
references: e.g. its usage name and — for geometric models — its location and orientation with
respect to its supermodel.

supermodel —a next higher level model in a hierarchical model/submodel tree. A supermodel contains
one or more submodels. The model/submodel tree forms an acyclic graph.

tensor - a generalization of the concept of vector that consists of a set of components usually having
multiple rows of indices that are functions of the coordinate system and have invariant properties
under transformation of the coordinate system. [Webster]

unit - a determinate quantity (as of length, time, heat, value, or housing) adopted as a standard of
measurement [Webster]

Abbreviations

AAM Application Activity Model

AlM Application Interpreted Model

AP Application Protocol

ARM Application Reference Model

B-rep Boundary Representation Solid Model

CNES Centre National d’ Etudes Spatiales — French Space Agency

ESA European Space Agency

ESTEC ESA - European Space Technology Centre

ISO International Organization for Standardization

0/ Object Oriented

SDAI Standard Data Access Interface (defined in [STEP-22])

SET Sandard d’ Echange et de Transfert (French Standard AFNOR Z68-300)
SET-ATS SET Protocol d’ Application Thermique Spatiale

Sl Systéme International des Unités - International System of Units
STEP Standard for the Exchange of Product Model Data (1SO 10303)
STEP-TAS STEP-based Thermal Analysis for Space

TBD To be defined

URD User Requirements Document

UoF Unit of Functionality
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Clause 4 - I nformation Requirements

4.1

4.1.1

4.1.2

This clause specifies in detail what kind of data needs to be exchanged in the domain of results for
network models. The information requirements are grouped in three subclauses: Units of Functionality,
Application Objects and Application Assertions.

A graphical representation of the information requirements is given in Annex G “Application
Reference Model (Informative)” on page G-1.

Units of Functionality

This subclause specifies the units of functionality for the Network Model Results Format AP. This
protocol specifies the following units of functionality:

1) product_structure UoF

2) network_model_representation UoF
3) bulk_results UoF

4) parameterized_functions UoF

5) physical_quantities and_units UoF
6) date and_time UoF

7) general_support UoF

The units of functionality and a description of the functions that each UoF supports are given below.
The application objects included in the UoFs are defined in subclause 4.2.

product_structure UoF

The product_structure UoF captures the structure of the product being modelled — e.g. the product
assembly tree or afunctional decomposition tree. The definition of this UoF already follows closely the
product structure definition in [STEP-41] and [STEP-44].

NoTE 1 —This Unit of Functionality is defined following as closely as possible the concepts for
product and product structure definition in [STEP-41] and [STEP-44].

WORKING NOTE 1 — This UoF isintended to be shared among the STEP-TAS and NRF protocols.
The following application objects are used by the product_structure UoF:
¢ product
¢ product_context
* product_definition
¢ product_definition_context
¢ product_next_assembly usage relationship
¢ product_version

network _model _representation UoF

The network_model_representation UoF collects the definitions needed for a generic representation
of engineering objects as a hierarchical structure of models containing a network of discrete nodes and
rel ationships between these nodes.

WORKING NOTE 2 — This UoF is intended to be shared among the STEP-TAS and NRF protocals.
The following application objects are used by the network_model_representation UoF:
* mode_represents product_relationship
* modelling_assumption (not used in NRF)
* modedling_assumption_relationship (not used in NRF)
* network_model
* network_model_component
* network_model_constituent
* network _node
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4.1.3

4.1.4

* network_node class

* network _node relationship

* network_node relationship_class
* network_node relationship_usage
* network _node usage

* submodel_usage

bulk _results UoF

The bulk_results UoF collects the application objects needed for the identification and definition of
analysis, test or operation campaigns, cases, phases and runs and the results data they produce. The
results data are characteristic, predicted, assigned, observed and/or derived properties of network
models, of which the values may need to be represented as scalars, vectors or higher order tensors.

The following application objects are used by the bulk_results UoF:
¢ abscissa_sequencing_type

* ato_aspect

¢ ato_campaign

* ato_case

* ato phase

e lifetime_type

¢ list_of descriptive values

¢ list_of functions

* model_component_sequence

* property class

* property class scalar

e property class scalar_descriptive
e property class scalar_functional
* property class scalar_quantitative
* property class tensor

* property class usage

* property_name

* property role

* property_symmetry

* run

* run_sequence

e scalar_in_tensor

e scalar_value

* scan

e scan_derivation_procedure

* scan_mask

¢ scan_of derived_values

¢ scan_of sampled values

* tensor_mask

¢ tensor_mask_member

* tensor_mask_name

* unit_assignment

parameterized_functions UoF

The parameterized_functions UoF contains the application objects needed to store functions of one
or more independent parameters, which are physical quantities. Functions which can be expressed in
tabular or polynomial form or as textual formulae are considered.

4-2
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4.1.5

4.1.6

4.1.7

WORKING NOTE 3 —This UoF isintended to be shared among the STEP-TAS and NRF protocoals.

WORKING NOTE 4 — This UoF is included for extension of the NRF protocols with test design and
definition data.

The following application objects are used by the parameterized_functions UoF:
¢ cyclic_tabular_function

* parameterized_function

e parameterized_function_with_formula

¢ polynomial_function

¢ tabular_function

e tabular_interpolation_type

physical_quantities and_units UoF
The physical_quantities and_units UoF captures the definition and representation of physical
guantities, their dimensions, units and values.

NOTE 2 —The objects defined in this UoF correspond one-to-one with those defined in the
measure_schema of [STEP-41]. Here only copies of the directly used objects are given.

The following application objects are used by the physical_quantities and_units UoF:
¢ All objectsfrom the measure_schema defined in clause 4.14 of [STEP-41].

In particular:

* unit

date and_time UoF

The date_and_time UoF alows representation combinations of calendar date and time of day to be
defined.

NOTE 3—The objects defined in this UoF correspond one-to-one with those defined in the
date_time _schema of [STEP-41]. Here only copies of the directly used objects are given.

NOTE 4 — The [sTEP-41] ordinal_date, day of week and week _of_year objects are out of scope.
The following application objects are used by the date_and_time UoF:
¢ calendar_date
e coordinated_universal_time offset
e date
¢ date and_time
* Jocal_time
The objectsin this UoF are taken as much as possible literally from [STEP-41].

general_support UoF

The general_support UoF contains application objects that are used to support the use of the principal
application objects listed in the other Units of Functionality in this subclause.

The following application objects are used by the general_support UoF:
* address

e approval

¢ document

e document_type

¢ document_usage constraint
* organization

* organizational_address

¢ organizational_project

* person

* person_and_organization

¢ personal_address

¢ security classification_level
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The objectsin this UoF are taken as much as possible literally from [STEP-41] and [STEP-203].

4.2 Application objects
4.2.1 abscissa_sequencing_type

An abscissa_sequencing_type is an enumeration that indicates how the abscissa value of scans

progresses over the list of scanswithin an ato_aspect. It indicates one of the following:

e strictly_decreasing, indicating that the abscissa values are strictly decreasing, meaning that
the abscissa value of a scan is aways smaller than the previous one from the scans list of an
ato_aspect.

* nonot oni c_decr easi ng, indicating that the abscissa values are monotonic decreasing, meaning
that the abscissa_value of ascan isaways smaller than or equal to the previous one from the scans
list of an ato_aspect.

* nonot oni c_i ncr easi ng, indicating that the abscissa values are monotonic increasing, meaning
that the abscissa_value of a scan is aways larger than or equal to the previous one from the scans
list of an ato_aspect.

e strictly_increasing, indicating that the abscissa values are strictly increasing, meaning that
the abscissa_value of a scan is always larger than the previous one from the scans list of an
ato_aspect.

4.2.2 address

An address is the place where people and organizations are located and/or where they can be

contacted. An address may be associated with per sons or or ganizations through personal_address or

organizational _address.

Attributes:

e internal_location: OPTIONAL label string, specifying an organization-defined address for internal
mail delivery

¢ street number: OPTIONAL label string, specifying the number of abuilding in a street

¢ gstreet: OPTIONAL label string, specifying the name of a street

¢ postal_box: OPTIONAL label string, specifying the number of a postal box

¢ town: OPTIONAL label string, specifying the name of atown

* region: OPTIONAL label string, specifying the name of aregion

* postal_code: OPTIONAL label string, specifying the code that is used by the country's postal
service

¢ country: OPTIONAL label string, specifying the name of a country

e facsimile_number: OPTIONAL label string, specifying the number at which facsimiles may be
received

¢ telephone_number: OPTIONAL label string, specifying the number at which telephone calls may
be received

¢ ¢dectronic mail_address:. OPTIONAL label string, specifying the electronic address at which
electronic mail may be received

¢ telex number: OPTIONAL label string, specifying the number at which telex messages may be
received

Assertions:

* At least one of the attributes shall be specified

4.2.3 approval

An approval is an identified confirmation of the quality of the exchange data to which the approval

pertains.

Attributes:

* level: label string, specifying the level of approval. The actual contents of level is organization
dependent.
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4.2 Application objects

4.2.4

4.2.5

ExAMPLE 1 — Examples of level are: ‘created’, 'rel eased for infornation only', 'checked',
‘aut hori zed' and 'agreed by PA officer'.

¢ date time: reference to a date and_time, specifying the date and time when the approval was
made

* by person_organization: reference to aperson_and_organization, who made the approval

ato_aspect

An ato_aspect captures the property values of a single property_class, obtained for a specific
sequence of network_model_components.

Attributes:

* name: label string containing the word or words by which the ato_aspect isreferred to
ExamPLE 2 —A namefor an ato_aspect can be 'char gi ng node of the batteries'
ExAMPLE 3 —A namefor an ato_aspect can be't enperature of the thernocoupl es'

e for_property class. a reference to the property class usage for which this ato_aspect expresses
the values of the property_classreferred to by the property class usage

¢ lifetime: alifetime_type, indicating what the lifetimeis for the scans of thisato_aspect

e component_sequence: a reference to a model_component_sequence, that specifies for which
networ k_model_components and in what order the values for for_property_class are recorded in
the scans

NOTE 5—A mode_component_sequence may reference asingle network_model. Thisallowsthe
ato_aspect to record the value of a property class for an entire model — e.g. the reference
temperature of the interior of an equipment during a run [Dynaworks].

¢ gscans: alist of one or more scans that specify the sampled or derived values for for_property class
for the network_model_components of component_sequence.

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_aspect.

Assertions:

* The order of the elements of scans shall be consistent with the abscissa sequencing of
for_property_class.case when it is specified. If thistypeis specified then scans shall not contain any
scan_of derived_values or shall not contain more than one element.

ato_campaign
Anato_campaign isacollection of analysis, test or operation ato_cases, performed or to be performed
in order to achieve an objective in the context of the development or operation of a product.

NOTE 6 —“ato” stands for “analysis, test or operation”

NOTE 7 —An ato_campaign is often an activity within the scope of a particular project.

NOTE 8 —An ato_campaign typically pertainsto one (major) product variant.

Attributes:

¢ of project: reference to an organizational _project to which thisato_campaign belongs

* name: label string, specifying the name of the ato_campaign

¢ description: text that describes the ato_campaign

¢ creation_date and time: reference to the date_and_time when the ato_campaign was created

* Jast modification _date and time: OPTIONAL referenceto adate and_time, specifying the latest
date and time when the ato_campaign or its associated data were modified

e contact_person_organisation: areference to a person_and_organization, who acts as a contact on
the subject of definition and execution of the ato_campaign

e approvals: aset of zero or more references to approval

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_campaign. By default, the
security_classisindeterminate.
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e application_interpreted_model_schema_name: name of the AIM EXPRESS SCHEMA of the AP that
was used to create the exchange dataset.

¢ application_protocol_year: year number denoting the year of formal publication of the version of
the AP used for the creation of the exchange dataset.

Assertions:
* The combination of of_project and name shall be unique within an exchange dataset

4.2.6 ato_case

An ato_case is a definition of a combination of scenario, initial and/or boundary conditions and a

network_model for the purpose of analysis, test or operation of the product in an ato_campaign. An

ato_case may be decomposed into a sequence of one or more ato_phases (see subclause 4.2.7 on

page 4-7).

NOTE 9 —“ato” stands for “analysis, test or operation”

Attributes:

¢ of _campaign: reference to the ato_campaign to which thisato_case belongs

* id: identifier string for the ato_case

* name: label string which relates the essence of the ato_case

¢ description: text that describesthe ato_case

¢ phases. a set of zero or more references to the phases that constitute the ato_case. This is an
INVERSE attribute.

* root_model: reference to the network_model that is the top level supermodel of the model/
submodel tree for the ato_case

¢ abscissa class: reference to a property_class usage, that specifies the property along which the
progression of the (analysis, test or operation) case, phase and run are expressed.

EXAMPLE 4 —ti ne is typically the abscissa class for an analysis ato_case in which the dynamic
behaviour of aproduct is predicted.

ExXAMPLE 5 —wavel engt h could be the abscissa class for a test ato_case in which the emission
spectrum of alight source is measured.

EXAMPLE 6 —nunber of cycl es could bethe abscissa_class for amaterial fatigue test ato_case

ExAMPLE 7 —frequency could be the abscissa _class for a frequency sweep in a vibration test
ato_case

¢ abscissa sequencing : an OPTIONAL abscissa_sequencing_type, optionally indicating how the
abscissa_value of scans progresses over the list of scanswithin an ato_aspect.

If no abscissa_sequencing is specified, the abscissa_values can progress in any order over the list
of scanswithin an ato_aspect.

* unit_assignments: a set of one or more unit_assignments, defining in which units the values are
expressed for all property classes associated with the ato_case. This attribute is an INVERSE
attribute.

¢ predefined_aspects: aset of zero or more ato_aspects referencing scans with property values which
are specified before the execution of the ato_case. The predefined aspects are applicable to all the
phases of the ato_case.

NoTE 10 — The predefined_aspects will be typically used to store the following kind of data:

- cdibration curves

- assigned parameter settings, such as thermostat switching temperatures, environmental
parameter values and alarm levels

- predicted upper and lower profiles for certain properties

e security_class. an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_case. By default, the security classis
the same as the security class of of_campaign. When present, it overrides the security class of
of _campaign.
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4.2.7

4.2.8

4.2.9

Assertions:
* The combination of of campaign and id shall be unique within the exchange dataset

e abscissa classproperty shal refer to a property class scalar_quantitative or a
property_class scalar_descriptive

Examples:

ExAMPLE 8 —An example of an ato_case is an analysis case with the name 'sunmer sol sti ce
eclipse and recovery in lowearth orbit'

ExampPLE 9 —Another example of an ato_case is a test case with the name 'Launch vi brat i ons
for Ariane 5 spectrun.

ato_phase

An ato_phaseisthe next lower decomposition of an analysis, test or operation case (an ato_case). The
start and end of an ato_phase are marked by predefined events at which (some) parameter settings
change. All ato_phases pertaining to one ato_case use the same network_model and associated
model/submodel tree, which is specified by the root_model of the ato_case.

NOTE 11 —“ato” stands for “analysis, test or operation”

Attributes:

e of case theato_casethat this object specifies a phase of.

* id: identifier string

* name: label string which relates the essence of the ato_phase
* description: text that relates the nature of the ato_phase

¢ predefined_aspects: aset of zero or more ato_aspects referencing scans with property values which
are specified before the execution of the ato_phase. The predefined aspects may override
predefined aspects of the parent ato_case.

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_phase. By default, the security classis
the same as the security class of the parent ato_case. When present, it overrides the security class of
the parent ato_case.

Assertions:
¢ Theid of an ato_phase shall be unique within of _case.

Notes:

NOTE 12 —If the ato_phases of an ato_case should be executed in a particular order, this order
shall be determined from the alphanumeric sorting order of the ids of the ato_phases.

Examples:

ExXAMPLE 10 —An ato_case 'sunmer sol stice eclipse and recovery in low earth orbit’
is decomposed into the ato_phases'initial steady state','eclipse'and'recovery'.

calendar_date

NOTE 13 — The definition of calendar _date istaken directly from [STEP-41].
A calendar_dateisatype of date which isidentified by aday in amonth of ayear.

Assertions (in addition to those of date):
¢ day_component: the number of the day in the month
¢ month_component: the number of the month in the year

Assertions (in addition to those of date):
* None

coordinated_universal_time_offset
NOTE 14 — The definition of coordinated_universal_time_offset is taken directly from [STEP-41].
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A coordinated_universal_time offset is used to relate a time to coordinated universal time by an
offset (specified in hours and minutes) and a direction.

Attributes:

* hour_offset: number of hours by which atime is offset from coordinated universal time

e minute_offset: OPTIONAL number of minutes by which atimeis offset from coordinated universal
time

¢ sense: direction of the offset, one item of {ahead, behi nd}

Assertions:
* None
4.2.10 cyclic_tabular_function
A cyclic_tabular_function is a type of tabular_function, which specifies that a tabular function of
onevariableis periodic.
Attributes (in addition to those of tabular_function):
* period: scalar_value, specifying the period of the function
Assertions (in addition to those of tabular_function):
* There shall be only one property _class scalar in the parameter_properties, i.e. it is a function of
onevariable
* Theperiod is expressed in the unit of the first element of parameter_properties
4211 date
NOTE 15 — The definition of date istaken directly from [STEP-41].
A date istheidentification of aday or week in ayear.
The date can be either acalender_date, an ordinal_date or aweek_of year _and_day date.
Attributes:
* year_component: the year number in which the date occurs
Assertions:
* Inthisprotocol only the calender_date specialization shall be valid
NOTE 16 — The definitions of ordinal_date or aweek_of year and_day dateare not givenin this
document.
4.2.12 date and_time
NOTE 17 — The definition of date_and_time istaken directly from [STEP-41].
A date_and_timeisamoment of time on a particular day.
Attributes:
e date_component: reference to adate
¢ time_component: reference to alocal_time
Assertions:
* None
4.2.13 document
NOTE 18 — The definition of document is taken directly from [STEP-41].
A document is an unambiguous reference to aformal standard or document that is defined outside this
protocol.
Attributes:
* id: identifier string
* name: label string
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4.2.14

4.2.15

4.2.16

4.2.17

¢ description: text, giving a summary description of the document
¢ kind: reference to adocument_type

Assertions:
* Theid shal be unique in the exchange dataset

document_type
NOTE 19 — The definition of document_type is based on the [STEP-41] equivalent.

A document_typeisaclassification of the sort of datathat is described by adocument isbeing used to
describe in a particular application context.

Attributes:
* name: label string, specifying the name of the classification

Assertions:
* None

document_usage_constraint
NOTE 20 — The definition of document_usage constraint is taken directly from [STEP-41].

A document_usage constraint identifies a specific subject area or aspect within a document and
gives the relevant information or text which applies. The semantics of the reference can be found in the
document itself.

Attributes:

¢ source: reference to adocument

* subject_element: label string, specifying the name of one element of the source
¢ subject_element_value: text, specifying the contents of the subject_element

Examples:

ExampPLE 11—-A  subject element could be 'cleanliness requirenents' with a
subject_element_valueof '2 through 11, 13, 16, 17, 42 through 73

ExAMPLE 12 — A subject_element could be 'Sect i on' with asubject_element_value of '4. 2. 5'.

lifetime_type

A lifetime_typeisan indication of what the lifetimeis for the scans of an ato_aspect.
Thelifetime_type can be one of the following:

* invariant: indicates that the values apply to the whole duration of the run

* sanpl e: indicates that the values are only valid at the scan_abscissa of the scan

* interval: indicates that the values are valid from the scan_abscissa of the current scan until the
scan_abscissa of the next scan.

There are no attributes nor assertions.

list_of descriptive values

A list_of descriptive valuesis anamed list of character strings containing the string values allowed
for aproperty class scalar_descriptive.

When the for_property class of an ato_aspect is a property_class scalar_descriptive, then the
values for such a property are stored in the values of the scans of the ato_aspect as an index indicating
the position of the entry in the entries of the list_of _descriptive_values.

A list_of_descriptive values may contain predefined values which are known at the time when an
ato_case and/or ato_phase is being defined as well as string values that are produced during the
execution of arun.

Attributes:

e applicable for: reference to a set of one or more property class usages to which this
list_of_descriptive values applies
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* name label string
* entries: alist of one or more character strings
ExampPLE 13—The list_of_descriptive values for a property class scalar_descriptive
'‘Battery charge node' can contain the predefined charge modes for batteries: 'of f',
'di scharge', 'charge'and'tri ckl e charge'.
ExAMPLE 14 —A list_of_descriptive_values with the name 'l ogbook' can contain logbook entries
which are entered during the progression of atest run.
ExAMPLE 15—A list_of descriptive values with the name 'di agnosti ¢ nessages' can contain
error and status messages generated by an analysis tool during a calculation run.
ExampPLE 16 —A list_of_descriptive valueswith the name't el enet ry' can contain telemetry data
strings.

Assertions;

e the attribute property of the eements of applicable for shal refer to a
property class scalar_descriptive

4.2.18 list_of functions
A list_of functions is a named list of function references pointing to the functions for a
property class scalar_functional.
When the for_property _class of an ato_aspect isaproperty_class scalar_functional, then the values
for such a property are stored in the values of the scans of the ato_aspect as an index indicating the
position of the function reference in the entries of thelist_of _functions.
A list_of_functions may contain references to predefined functions which are known at the time when
an ato_case and/or ato_phaseis being defined as well as references to functions that are created during
the execution of arun.
Attributes:
e applicable for: reference to a set of one or more property class usages to which this
list_of_functions applies
* name: label
e entries: alist of one or more referencesto parameterized_functions
ExampLE 17 —The list_of functions for a property class scalar_descriptive with the name
'Cal i bration Curves' can contain the references to parameterized_functions that represent
calibration curves.
Assertions:
e the atribute property of the eements of applicable for shal refer to a
property class scalar_functional
4.2.19 local _time
NOTE 21 — The definition of local_time istaken directly from [STEP-41].
A local_time is a moment of occurrence measured by hour, minutes and second. It represents one
instant of time on a 24 hour clock.
It includes the offset to coordinated universal time for the applicable time zone.
Attributes:
¢ hour_component: the hour in day humber
* minute_component: the minute in hour number
¢ second_component: the second in minute number
* zone: areferenceto acoordinated universal_time offset
Assertions:
* None
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4.2.20

4.2.21

4.2.22

model _component_sequence
A model_component_sequence is anamed, ordered collection of network_model_components.

A model_component_sequence is referenced by one or more ato_aspects to define for which
network_model_components the ato aspect contains scans for a particular property (the
ato_aspect’s for_property class) and in what order the values for the property are recorded in the
scans.

Several types of network_model_components may be present in one model_component_sequence.

Attributes:

¢ root_model: reference to a network_model that is the highest level supermodel in the model/
submodel tree for which thismodel_component_sequenceis specified. Thisinformation is derived
from the definition the elements of components.

* id: identifier string

* name: label string
ExAMPLE 18 — A model_component_sequence could be named 'ext er nal sur f aces'.
ExAMPLE 19 — A model_component_sequence could be named 't her mi st or-1i st'.

¢ components: alist of one or more unique networ k_model_components

Assertions:
* The combination root_model and id shall be unique in the exchange dataset
¢ All components shall belong to the root_model and its submodel tree

model_represents product_relationship

A mode_represents product_relationship is a relationship between a network_model or a
network_model_constituent and a product_definition, which indentifies the product (or part of a
product) that is represented by the model constituent.

Attributes:
* model_constituent: reference to anetwork_model or to anetwork_model_constituent
* represented_product: reference to a product_definition

Assertions:
* None

network _model
A network_model is arepresentation, in the form of a network topology, of a product and possibly its
environment during analysis, test or operation activities.

The purpose of the network_model is to make available a hierarchical decomposition into identified
discrete items, in such away that:

¢ characteristic properties—e.g. materia properties

¢ predicted properties— e.g. analysis results

¢ assigned properties— e.g. settings for test parameters

¢ observed properties— e.g. sensor readings obtained in atest or in operation

¢ derived properties - e.g. results from statistical operations on sensor readings
can be associated with these items.

NOTE 22 —Many kinds of (numerical) mathematical analysis models can be represented by a
network of nodes and the relationships between them: e.g. Lumped Parameter Models,
Radiative Surface Models, Finite Element Models, Finite Difference Models and Computational
Flow Dynamics Models.

NOTE 23 —Also products under test or in operation can often be represented by a network of nodes
and their relationships. Here the nodes would represent the sensors and det